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ABSTRACT

OBJECTIVE

Thisresearch is being undertaken collaboratively by the University of North Dakota’ s Department of Chemical
Engineering and Energy and Environmental Research Center.

The objective of the current project is to develop a highly reliable advanced hybrid particulate collector that can be
used with integrated gasification combined cycle (IGCC) electric generation processes. The collector must meet the
most stringent turbine requirements and emission standards and must operate at temperatures above 1500EF and
pressures up to 150 psig. It isalso important the collector be useable with al U.S. coals, be compatible with various
sorbent injection schemes for sulfur and alkali control, and that it can be integrated into a variety of configurations for
both pressurized gasification and combustion.

The collector being proposed isa new concept in particulate control called electrostatically enhanced barrier

filter collection (EBFC). This concept combines electrostatic precipitation (ESP) with candle filtersin asingle unit.
The technology has been recently proven for atmospheric applications, but needs to be tested at high temperatures
and pressures. The expected synergy obtained by combining the two control technologies into asingle system
should actually reduce filter system capital and operating costs and make the system more reliable. More specifically,



the ESP is expected to significantly reduce candle filter load and also to limit ash reintrainment, allowing for full
recovery of baseline pressure drop during backpulsing of the filters.

Three magjor tasks have been defined:

1. Design and construction of the EBFC — The bench-scale testing utilizes an existing continuous fluid-bed reactor
(CFBR) and hot-gas filter vessel which can handle a gas flow up to 30 scfm at 1550EF and 150 psig. This task
involves designing and constructing the EBFC with one centrally located candle filter surrounded by a circular wire
high-voltage cage. The vessel wall is grounded and will serve as the collecting electrode.

2. Experimenta Testing — The testing will be conducted in five steps. @) shakedown, b) screening to determine
variables important to ESP performance, ¢) screening to determine variables important to overall system performance,
d) follow-up response surface experiments to optimize overall system performance, and €) long-term proof of
concept.

3. Conceptual Design for Full-Scale EBFC — Based upon the results from the proposed work, the conceptual
layout for a EBFC will be drafted. This layout will include the spacing between the candles, electrode, and plate, and
the placement of them in afilter vessel. Preliminary capital and operating costs will be determined, along with the
parasitic power required for the ESP portion of the EBFC. The conceptual design will be based on a 100-MW IGCC
system.

ACCOMPLISHMENTSTO DATE

Task 1iscomplete. Thisinvolved calculation of the ESP cage wire diameter for proper corona, and design and
construction of the EBFC system. Thistask took longer than expected, primarily because the ceramic
insulators used in the system could not be machined in-house.

Task 2, Phase (@) is currently being performed. It is expected that the shakedown testing will be completed
before the end of April, 2000. It isfurther expected that Phase (b), the screening tests examining ESP
performance, will be completed and the important variables determined by the end of May, 2000. In these

runs, the impact of operating conditions such as temperature, pressure (gas density), electrode voltage, ash
carbon content, ash resistivity, dust loading, ash particle-size distribution, gas flow rate, and gas composition on
ash collection efficiency will be measured.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAMS

Integrated gasification combined cycle offers the potential for very high efficiency (over 50%) and clean electric
generation. In order to reach that high efficiency, a method to clean the gas of particulate matter (as well as
other pollutants) needs to be developed that can be used at high temperatures. This EBFC concept offers
significant improvements in collection of particulates over existing technologies and it is aso fully compatible
with the technology for control of alkali and sulfur with sorbents. In the worst case, the cost of the EBFC is
expected to be competitive with existing technology, but it is expected to provide far superior operability.

PLANSFOR THE COMING YEAR



The goal for the next performance period isto complete Task 2. Specifically, Phases (¢) and (d) will be done,
which are the optimization of the overall system performance by running a statistically designed set of
experiments.



ARTICLES, PRESENTATIONS, AND STUDENT SUPPORT
ARTICLES
There have been no articles published or submitted for publication at this time, since there have been no
experimental results generated yet. However, the expectation is that thiswork will result in at least two peer
reviewed publications. It isaso hoped that some of the design concepts can be patented, and that the
technology can be transferred to the private sector for implementation and commercialization.
CONFERENCE PRESENTATIONS
There have been no presentations of thiswork at conferences. Again, the expectation is that this work will be
of great interest to the power industry, and will be publicized and presented at two or more conferences next
year.
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